BACKGROUND: Alcohol consumption and its interaction with disease, medication use, and functional status may result in serious health problems, but little information exists about the national prevalence of alcohol-related health risk in older adults. OBJECTIVE: To estimate the prevalence of harmful and hazardous alcohol use and the prevalence of consumption in excess of National Institute of Alcohol Abuse and Alcoholism (NIAAA) recommendations, in people aged 65 and older, and by sex and race/ethnicity sub-group. DESIGN: Cross-sectional, using data from the 2005-2008 National Health and Nutrition Examination Survey of the non-institutionalized U.S. population. PARTICIPANTS: One thousand and eighty-three respondents aged 65 and older who consume alcohol. MAIN MEASURES: Participants' alcohol consumption was classified as Harmful, Hazardous, or Healthwise, in the context of their specific health status, using the Alcohol-Related Problems Survey classification algorithm. KEY RESULTS: Overall, 14.5 % of older drinkers (95 % CI: 12.1 %, 16.8 %) consumed alcohol above the NIAAA's recommended limits. However, when health status was taken into account, 37.4 % of older drinkers (95 % CI: 34.9 %, 40.0 %) had Harmful consumption and 53.3 % (95 % CI: 50.1 %, 56.6 %) had either Hazardous or Harmful consumption. Among light/moderate drinkers, the proportions were 17.7 % (95 % CI: 14.7 %, 20.7 %) and 28.0 % (95 % CI: 24.8 %, 31.1 %), respectively. Male drinkers had significantly greater odds of Hazardous/ Harmful consumption than female drinkers (OR=2.14 [95 % CI: 1.77, 2.6]). Black drinkers had worse health status and significantly greater odds of Hazardous/ Harmful consumption than white drinkers (OR=1.49; 95 % CI: 1.02, 2.17), despite having no greater prevalence of drinking in excess of NIAAA-recommended limits. CONCLUSION: Most older Americans who drink are light/moderate drinkers, yet substantial proportions of such drinkers drink in a manner that is either harmful or hazardous to their health. Older adults with risky alcohol
M
any older adults have chronic health conditions and functional limitations. 1 Despite evidence supporting the health benefits of light to moderate alcohol consumption, 2, 3 some chronic illnesses become more difficult to treat or are worsened by alcohol consumption. 4, 5 Further, polypharmacy is common among older adults, and alcohol can either enhance or diminish the effects of different medications and contribute to adverse drug events, falls, and accidental injuries. 6, 7 The National Institute on Alcohol Abuse and Alcoholism (NIAAA) identifies people aged 65 and older as a special population for whom alcohol consumption, and in particular binge drinking, may pose an increased risk of significant health problems. 8 The NIAAA also recommends that men aged 65 and younger consume no more than 14 alcoholic drinks (e.g., 5 fl. oz. wine, 12 fl. oz. beer, or 1.5 fl. oz. spirits) per week and no more than four per day. 9 For women of all ages and men older than 65, the NIAAA recommends consuming no more than seven alcoholic drinks per week and no more than three per day. 9 The NIAAA recommends that the risks posed by alcohol consumption, especially in older adults, should be evaluated by the patient's physician in light of the individual's pattern of consumption and health status. 9 Scant information is currently available about the prevalence of alcohol-related health risk among older adults when individual comorbidities, medication use, functional status, and recent symptoms are also considered. In two reports of older primary care patients who consumed alcohol, the prevalence of alcohol-related health risk was approximately 46-47 %, 10, 11 but national-level data about risk prevalence do not exist. Instead, most estimates of alcohol-related problems in older adults focus on binge drinking, come from hospital admissions or psychiatric patient data, or are based on criteria for alcohol abuse and dependence. [12] [13] [14] This study was designed to estimate the prevalence of alcohol-related health risk among U.S. drinkers aged 65 and older, and more specifically, the prevalence of alcohol-related health risk in older adults whose consumption was light/ moderate (i.e., did not exceed the NIAAA's general recommendations for those aged 65 and older). Its secondary purpose was to examine sex and racial/ethnic differences in prevalence. Women have been shown to experience negative effects of alcohol consumption at lower levels than men, 15, 16 and there are racial/ethnic disparities in the prevalence of chronic conditions, such as hepatitis 17, 18 and high blood pressure, that can be worsened by alcohol use. 19 
METHODS
Additional methodology details are available in the online appendix.
National Health and Nutrition Examination Survey (NHANES)
NHANES is an ongoing national survey 20 that uses a welldescribed, complex, multistage probability sampling design and weighting methodology to obtain prevalence estimates and measures of association that represent the civilian, noninstitutionalized US population. 21 Data are collected by interview, physical examination, and blood and urine sample analyses. NHANES contains detailed information on respondents' self-reported medical diagnoses, medications, symptoms, functional status, and risk behaviors such as smoking and alcohol consumption.
For this study, we combined the 2005-2006 and 2007-2008 NHANES cycles, which provided the most complete data relevant to the evaluation of alcohol-related risk. Inclusion criteria were adults aged 65 and older who reported consuming at least one alcoholic drink in the past 12 months.
The Alcohol-Related Problems Survey (ARPS) Risk Classification Algorithm
The ARPS is an alcohol-related health risk education system for use in screening older patients for potentially hazardous and harmful alcohol consumption. It identifies the specific sources of that risk and can provide personalized reports to individual and their physicians. 11, 22, 23 Its development, psychometric properties, and research use are well-documented. 10, 11, [22] [23] [24] [25] [26] Briefly, Moore and colleagues used the Longitudinal Expert All Data (LEAD) standard 27 to evaluate the concurrent validity of ARPS, and found in one study that the ARPS had a sensitivity of 0.93 and a specificity of 0.66 for hazardous or harmful alcohol consumption, 22 and in another study, a sensitivity of 0.82 and specificity of 0.82. 23 The ARPS uses World Health Organization terminology 28, 29 to classify alcohol-related health risk into three categories: Harmful (consumption that may exacerbate or complicate existing alcohol-related problems), Hazardous (consumption that poses risks of future harm for individuals with specific medical condition[s], functional status, or symptoms, taking specific medication[s], or engaging in risky behaviors such as smoking), and Healthwise (neither Harmful nor Hazardous and potentially beneficial).
The ARPS algorithm first considers a person's reported quantity and frequency of consumption in relation to each of 63 factors, including medical problems, medication use, symptoms, binge drinking, sex, and functional status. Figure 1 illustrates the consumption patterns (quantity and frequency) that are considered to be harmful, hazardous, or healthwise if an individual has hypertension. Alternatively, a different set of consumption patterns is considered for an individual with mouth/throat cancer, for whom any alcohol consumption is considered harmful. The specific consumption patterns that confer risk vary substantially depending on the factor being considered.
The factor-specific risk classifications are then aggregated to obtain an overall alcohol-related risk classification for an individual. A classification of harmful on ≥ 1 factor results in an overall classification of an individual's alcohol consumption as Harmful, as does a classification of hazardous on ≥ 3 specific factors. A classification of hazardous on ≤ 2 factors, with no harmful classification, results in an individual's overall classification as Hazardous. Otherwise, the individual's consumption is classified as Healthwise.
Application of the ARPS Algorithm to NHANES Data
NHANES questions ALQ120Q, ALQ120U, and ALQ130 provided data on consumption quantity and frequency within the past 12 months. We used this information to determine conformance to NIAAA's recommended consumption limits. Data from questions ALQ140Q and ALQ140U, which asked about frequency of consuming five alcoholic drinks on at least 1 day in the past 12 months, were used to identify binge drinking.
The 2005-2008 NHANES provided information on 47 of the 63 ARPS factors. Sensitivity analyses were conducted to assess the impact on prevalence estimates of the lack of information on those factors not available in NHANES. Additional details about the sensitivity analyses are presented in the online appendix.
Statistical Analysis
The national prevalence of Healthwise, Hazardous and Harmful alcohol consumption was estimated using the 4-year Mobile Examination Center (MEC) weights, the appropriate weights for our analytic subpopulation per NHANES guidelines. 22 Prevalence estimates were calculated for the elderly drinking population as a whole and for specific sub-groups defined by age (65-69 years, 70-74 years, 75-79 years, and ≥ 80 years), sex, and race/ ethnicity (non-Hispanic black and non-Hispanic white), and also for the four race-sex categories of non-Hispanic white and black, male and female drinkers. Differences in the sampling of Hispanic respondents between the 2005-2006 and 2007-2008 cycles make it impossible to examine differences in risk classification for Hispanics overall, or for specific Hispanic sub-groups. 30 Risk classification prevalence was also estimated among those who consumed alcohol within the NIAAA limits. Prevalence odds ratios (and 95 % CI) were estimated due to the cross-sectional nature of NHANES, adjusted for age, sex, and race/ethnicity, for: 1) the odds of being classified as having either Hazardous or Harmful (Hazardous/Harmful) alcohol consumption and 2) the odds of being classified as having Harmful alcohol consumption, among those classified as having Hazardous/Harmful consumption,.
All analyses were executed using the SURVEYFREQ and SURVEYLOGISTIC procedures in SAS Version 9.0. Group differences were evaluated using α=0.05. Variance estimates were adjusted to account for the complex survey design using the Taylor Series Linearization method within SAS. No unreliable estimates were found; all relative standard errors of the estimates were < 30 %, per NHANES guidelines.
RESULTS

Demographic Characteristics
Of the 2,593 NHANES respondents who were aged 65 and older in 2005-2008, 1,083 (weighted n=16,771,716 or 46.4 %) reported consuming at least one alcoholic drink in the past year. Men comprised 51.1 % of older drinkers; 88.8 % were white and non-Hispanic (Table 1) . The proportion of current drinkers in the population decreased in each successive 5-year age group. More than half of those 65-69 years old were drinkers, compared with one-third of those who were at least 80 years old.
Prevalence of Hazardous and Harmful Alcohol Consumption
In the context of their medical problems, functional status, medications, and other health risks, 37.4 % of older adult drinkers (95 % CI: 34.9 %, 40.0 %) were classified as having Harmful consumption and 53.3 % (95 % CI: 50.1 %, 56.6 %) as having either Harmful or Hazardous consumption (Fig. 2) . 
Alcohol Consumption and Alcohol-Related Health Risk
Most older adult drinkers consumed alcohol once a week or less (57.0 %), while 17.9 % drank daily or almost daily. On the days they consumed alcohol, the majority (63.5 %) consumed less than one drink. An estimated 14.5 % of older adult drinkers consumed alcohol in excess of the NIAAA-recommended limits. Approximately 11.7 % had at least one episode of binge drinking in the past 12 months. However, when considered in the context of their health status, the proportion whose alcohol consumption was classified as Hazardous/Harmful to their health (53.3 %) was nearly four-fold greater than the proportion whose consumption exceeded recommended limits (Fig. 3) . Thirty-nine percent (39 %) of those whose consumption was classified as Hazardous/Harmful, including 24 % who already showed clinical signs of harm, would not be identified as having any risk if consumption in excess of NIAAA recommendations was the only factor considered (data not shown).
Although 85.5 % of older adult drinkers (95 % CI: 83.2 %, 87.9 %) did not exceed the NIAAA daily or weekly recommended limits (Fig. 2) , the alcohol consumption of nearly half of these moderate drinkers (45.7 %; 95 % CI: 42.1 %, 49.2 %) was still considered Harmful (28 %) or Hazardous (17.7 %) because of their health status. Further, 16.9 % of older adults who drank once a month or less and 35.1 % of those who consumed one drink or less on the days they drank were classified as having either Hazardous/Harmful consumption because of their health status.
Factors Associated with Hazardous or Harmful Alcohol Consumption
The factors most commonly responsible for the overall classification of individuals' alcohol consumption as
Hazardous/Harmful were the use of anti-hypertensive medications (51 %), recent depression/anxiety symptoms (25.7 %), physical limitations in dressing/bathing (25.5 %), and the quantity and frequency of alcohol consumption (25.2 %). The unique Healthwise, Hazardous, and Harmful consumption alcohol consumption patterns for these factors are detailed in the online appendix. When stratified into four race-sex sub-groups, white female drinkers had half the adjusted odds of white male drinkers of having a Hazardous/Harmful consumption classification (Fig. 4) . There were no race-sex subgroup differences in the odds of having Harmful consumption, among those with Hazardous/ Harmful consumption. See the online appendix for more details.
ARPS factors. Symptoms of depression/anxiety was a more prevalent factor in female drinkers (white and black) with Hazardous/Harmful consumption, and hepatitis was a more prevalent factor in black male drinkers with Hazardous/ Harmful consumption (data not shown).
DISCUSSION
This report is the first to use information about older adults' chronic conditions, prescription medication use, functional status, and recent symptoms to estimate the national prevalence of harmful and hazardous alcohol use in older US drinkers. In the period 2005-2008, nearly half of all older adult drinkers in the US, approximately 16.8 million adults, reported consuming alcohol, and 14.5 % of those drank in excess of the recommended limits. Using a risk screening algorithm that considers multiple health status indicators, we found a nearly four-fold greater number of older adults at risk for alcoholrelated health problems than were identified by alcohol consumption that exceeds recommended limits for older adults. Moreover, the discrepancy between the proportion of heavy drinkers and the proportion whose alcohol consumption poses a health risk is especially marked in non-Hispanic black drinkers. The estimated more than six million older adult drinkers whose * The NIAAA recommends daily and weekly alcohol consumption limits for men and women. For men aged 65 years and younger, the NIAAA recommends drinking no more than four alcoholic drinks in a day and no more than 14 drinks in a week. For women of all ages and men older than 65 years, the NIAAA recommends drinking no more than three alcoholic drinks a day and no more than seven drinks in a week.
9 † Based on unweighted sample of n=1,083 individuals ≥ 65 years old who drank alcohol, including n= 917 older adults who drank alcohol within the limits and n=165 older adults who drank in excess of the limits. ‡ N=14,341,531 (85.5 %) of adults≥65 years old who consume alcohol drank within the NIAAA-recommended daily and weekly limits. N=2,426,913 (14.5 %) of adults≥65 years old who consume alcohol reported drinking more than the NIAAA-recommended daily or weekly limit.
alcohol use was classified as Harmful constitute nearly one in five of all older adults (17 %) in the U.S.
These results are consistent with, and if anything more concerning, than the levels of risk found in studies that have used the ARPS screening algorithm in local, clinical populations. In 667 older adults in a study of the ARPs screening and education system in three large primary care group practices in Santa Monica, CA., 10, 11 baseline alcohol consumption was Hazardous in 16.2 % and Harmful in 29.1 % of alcohol drinkers-a total of 45.3 % with Hazardous/Harmful consumption. The percentage who drank in excess of NIAAA-recommended limits for males and females ≥ 65 years in that population was only 3.9 %.
Significance of Findings
The present study confirms the general conclusion of the earlier studies that there is substantial alcohol-related harm and health risk in older adults, even among light-moderate drinkers. Older † Based on unweighted sample size of n=1,083 adults ≥ 65 years old who drink alcohol, including n=450 white male drinkers, n=88 black male drinkers, n=326 white female drinkers, and n=53 black female drinkers. * Based on unweighted sample of n=1,083 individuals ≥ 65 years old who drank alcohol, including n=450 white male drinkers, n=88 black male drinkers, n=326 white female drinkers, and n=53 black female drinkers.
adults are infrequently screened for alcohol use, 31 and when screened, are usually only queried about quantity and frequency and possibly indicators of alcohol abuse. The present results suggest that a very large proportion of older adults with alcoholrelated health risk are unlikely to be identified as such by their physicians if that identification relies solely on whether their consumption exceeds the NIAAA-recommended limits. We found that consumption criteria alone can identify the estimated 36 % of drinkers with Harmful consumption who also drink more than the recommended limits, but they miss the 64 % whose drinking is harmful because of their hepatitis, depression, hypertension, inability to walk a block, etc., and miss 95 % of those whose alcohol consumption is hazardous because of those or other health considerations.
The critical importance of considering health status is further illustrated by our finding that alcohol-related health risk in is greater among black men and women who drink, despite their lower levels of consumption relative to white men and women, respectively. Health disparities between older black and white adults (e.g., in rates of hepatitis infection, hypertension, etc.), rather than differences in the quantity of alcohol consumption, underlie the racial disparity in alcohol-related risk.
Strengths and Limitations
The use of a carefully developed alcohol-related health risk screening tool for older adults, coupled with the use of NHANES data to obtain national population estimates, is the major strength of this study. We chose the ARPS risk classification algorithm for its rigorous development, evidence of construct validity, unique ability to consider a full range of relevant health indicators, and clinical use. The ARPS' high sensitivity (0.88-0.93) but moderate specificity (0.66-0.88) reflects its intent as a screening, rather than a diagnostic, tool. Further, it was developed as part of a broader education program intended for use in a clinical setting where the clinician can confirm the patient's risk classification and provide tailored explanatory information about the patient's individual risk profile. Consequently, these findings are merely a beginning. Other approaches are needed to confirm and/or refine these estimates, and to evaluate such measures as predictors of future health status, adverse drug interactions, accidental injuries, and exacerbation of medical conditions. NHANES is a cross-sectional survey, and as such, there are inherent limitations in interpreting prevalence estimates and prevalence odds ratios. And while NHANES provides the most appropriate, nationally representative source of data for our purpose, information was not available from either cycle on several factors that are relevant to identifying alcoholrelated health risk, including information relevant to detecting alcohol abuse disorders. The sensitivity analyses suggest that, as would be expected, the lack of this information likely results in a modest underestimate of the extent of Harmful consumption-on the order of three percentage points. Even so, differences may exist in health characteristics between NHANES respondents and the Santa Monica trial participants 10 used for these analyses, and make it difficult to more precisely characterize the misestimation. This study's methods, and any alternative algorithms, can potentially be applied to the most recent and future NHANES survey cycles to track changes over time. Such algorithms necessarily must evolve as new drugs are developed that may interact with alcohol, other drugs are taken off the market or fall into disuse, or evidence is found of alcohol-related risks that were not previously appreciated. Such changes reflect the dynamic nature of medical science and clinical care and are arguably strengths in that they provide estimates that better reflect the potential for adverse effects of alcohol at any given point in time.
Implications
The present study has documented a substantial level of hazardous and harmful alcohol consumption among older adults, most of which goes undetected clinically due to the failure to consider individual health status in assessing risk. Research is needed to substantiate or refine the present estimates and to evaluate the efficacy and effectiveness of interventions such as the ARPS screening and education system or other approaches.
Evidence, based on the use of a modified ARPS system, suggests that providing information on recommended drinking limits to older adults may be enough to cause large reductions in both at-risk drinking and amount of alcohol use, 32 and similar results were found in the Santa Monica trial of the ARPS system. 10 There are many reasons why physicians do not screen their older patients for alcohol misuse or, if they do, why they rely primarily on self-reported alcohol consumption. Alcohol-related problems can appear to be caused by other medical problems, and most screening measures focus on abuse and dependence and were not specifically developed for the elderly. Further, physicians lack training for appropriate inquiry, and there are obvious limitations on physician time to evaluate and counsel patients, especially those with many other health issues to attend to, as well as limitations on options for referral for further counseling, when that is indicated. 33, 34 Online systems like the ARPS are efficient because screening can be done without physician assistance and the resulting immediate feedback can be used as a basis for deciding if follow-up is appropriate.
